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Magnetic Resonance Imaging Techniques for Visualization of Root Growth and Root Water Uptake Processes
Foreword
We should all enjoy seeing plants grow, flower, and fruit, but what we see aboveground is only part of the true beauty of plants. The belowground portion, or rhizosphere, is of equal importance and should be marveled at just as much as the aboveground portion. However, studying this realm requires different and novel methods. Over the past 20 years advanced techniques using sophisticated computer assisted imaging and other techniques have made great strides forward that now allow us to evaluate the root-soil interactions at multiple scales. This book updates the 1994 SSSA Special Publication 36, Tomography of Soil-Water-Root Processes, and contains details on new techniques to investigate pore and root architecture, small-scale hydraulic properties, soilwater-root transformations and translocations, and field-scale root interactions using geophysical methodology.
Consisting of 12 chapters written by world renowned researchers who are working at the cutting-edge of this field, this book will serve as a resource for years to come. It also makes suggestions on where future research should be directed. Its utility extends to all who not only work directly with these techniques but also to those who seek further knowledge of soil-water-root processes and interactions.
David Lindbo, 2013 SSSA President ix
Preface
During the past 20 years, significant advances have occurred in the use and application of X-ray computed tomography and other imaging methods to evaluate soil and root systems. Soil-Water-Root Processes: Advances in Tomography and Imaging, SSSA Special Publication 61, is a unique assemblage of contributions exploring applications of imaging and tomography systems in soil science; it provides an updated collection of X-ray computed tomography, synchrotron microtomography, neutron imaging, magnetic resonance imaging, geophysical imaging tools, and other tomography techniques for evaluating soils and roots. Exciting new procedures and applications have been developed over the past two decades which are discussed in this publication.
As a result of the rapid advances in tomography and imaging techniques and their successful application in soil and plant science, we proposed in 2010 to develop a new edition of the 1994 Tomography of Soil-Water-Root Processes, SSSA Special Publication 36. This new publication presents exciting studies using synchrotron microtomography to analyze rhizosphere fluid transport, changes of root-induced rhizosphere physical properties, and characterization of biofilm architecture in porous media. Synchrotron sites include the Advanced Photon Source at the Argonne National Laboratory near Chicago, IL and the National Synchrotron Light Source at Brookhaven, NY. In addition, X-ray microtomography was applied to study biopore architecture across spatial scales, and tomography and microtomography with varying spatial resolution provided enhanced understanding of the effects of management techniques on pore geometry. The revised edition includes a chapter highlighting the versatility of nuclear magnetic resonance imaging in analyzing root-soil interactions and soil hydraulic properties.
Neutron imaging is an even more recent method that is presented for studying root architecture and water distribution in the root-soil system, and shows much promise for complementary experiments as new neutron beams become accessible. We include a chapter on electrical resistivity tomography for mapping of plant root zones as an example to present new advances in geophysics and its capabilities at finer spatial resolution. The last chapter reviews additional geophysical methods such as spectral-induced polarization, electrical impedance tomography, electromagnetic induction, and ground penetrating radar. Various chapters focus on data analysis challenges of tomography and imaging methods in general. Specific chapters report on the need for image segmentation to allow quantitative characterization of pore features, and the modeling of both static and dynamic liquid behavior, and the use of semivariograms to characterize porous media structural properties. Undoubtedly, future studies of tomography and imaging will further explore and develop image segmentation techniques.
In addition to the publication, the Soil Physics Division of the Soil Science Society of America sponsored a special symposium entitled "Tomography and Imaging for Soil-Water-Root Processes" during the 2012 annual meetings in Cincinnati, OH. The objective of the symposium was to provide a forum to highlight research using tomography and imaging technologies to quantify soil and plant properties and processes. We thank all participants and authors of papers for their efforts in making the symposium and this publication a success.
Stephen H. Anderson and Jan W. Hopmans, Editors
